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an n type Si layer 63 thereon to be later used as a 
collector region, a p type Si layer 64 thereon to be later 
used as a base region, and an n type SiGeC mixed 
crystal layer 65 thereon to be later used as an emitter 
region. These layer are epitaxially grown to avoid 
generation of dislocation of respective junction 
interfaces. With such an structure, the substrate, the 
collector region, the base region and the emitter region 
are set to have an identical lattice constant of Si, so 
that lattice misalignment caused by the hetero junction 
will not take place and thus lattice defects caused by 
distortion resulting from the lattice misalignment will not 
occur. Due to the lattice alignment a critical film 
thickness is not present and thus a film can be crystal- 
grown to a desired thickness. In this way, when the 
emitter region is made of the SIGeC mixed crystal, a problem of lattice misalignment, which 
would be inevitable in a conventional HBT based on SiGe mixed crystal, can be solved. 
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im^mu sihL<n 

Si t Ge t <75®^ *b L < fiSi t GeiC i: 

— SitGetCt<^rSa^B;i^b7‘i’5^5 

V K=¥-t 7 : 7 ’ j; »3 :;>;:#< 

0^to X IrilJ? bTt-^-r n 

[It^il2] ^ 5 ; 

■C. 31$ 

|Sc-f5 i 51-^ 31$ -;/^®^i3j:a'-<-^ 
1 l3lE«tC0--xo 

[if*ri3l 31$ 

T, 31$ 

oT*3 •? . t&T-^^coav 'tr J; J: V 

'<~-y.M^i> L< (i3i$ L< f±-?r<^M:frc7)/< 

K«ii;45^ib-t-'5 i 9 »;i L, Sfc^S^-i^ifecoavHc J; 
i5te.f4;45^^^U^CV'J; 7{'< 31 $ 

X XJ^^-y~mm<om^(Dm^it t ^J¥ U/:iff 3ft£I 

1 {'lE^tfO^-r-n^-a'/'WTK— 7 hy '-yi>^-$'o 
[iff#ig4l Si-bUOi 

S i t Ge i: «D )g#B t, b < (is i t Ge i C i: (75 /6^ b 

-5^®iSc. SitGetC(0^1fBA^f5/j;S3i$ 

(t. 31$ i/^^l^(75>’<>'K^-y7r745-<-7®JSgtc75^ 

>9, -<—5?.fil^i:(75g^'g-f|i^;6^t>3i$7:5r^l^<75rta5(- 
l^Xi^o-CiiMS^t, b< (i©pg6^(c:/<v K=¥^' 7 7';45;*:t 
< /iS J; 5 l'3i$ 

tifJitilSl SiiGei(75 

^lB^B'bL-< (iSitCetCi:(75^lB®B;)^ib^i5-<— S 
ii:GetC<75®BB;5^?>7i^ji$ 7;?M(^(£rlx(t> ^—5?.® 
^<75^< V K 7 y ^5 m $ .;, ^ t (75»'&g|5:»-r*3i $ 

7(5’ffi«<75/-?:x K^-^'7 5^il3-<75fil$rir iJ. 31 $ 7 ^ 

6 ^ t> L < (igpte^(C/^>' K=¥-t 7 7'/4S/Jx$ < ^ J: 7 iw 

-<-5*.ffl^(75)gfB<75,m^igtt;Sr^W«)tr^ik$-&7tg|5^i45 

[IfjitlSeJ SitGetff) 

®B®B’bb< (iSii:GetCt(75igB%d^b7‘i5-<-5^ffl«. S 
i tGei;C(75?l^d»b/j:63i5 7(J'^^SriS:(t, 

^(75^<vK^-y7:7';45iii$ 7(5'ffl«i:<75^-&^^T'3i$ 
7(?titScO^<5^ K¥-^77’tl^-(75fflSri: •?. 31$ 7 ^ 

®^ir(75tt-g-aJ3>7!i^b-<-5^®)$<75(^^»3f6)A^o-CiS^ 
e^t, b < (i©pgetUc;/<5^ K^-y 7T’;»5:*:^ < Ti^, i P (;; 

#ftb, 31$ 7i?^i^£D/<vK=s?-y7r;5b 
i (75S'g-te5j7>-ib3i $ 7 (5'®«<75rta5lc:r6]A^oTiS^6t) 
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mmnmw£iSim] 

05 [000 1 ] 

7 5^^5^-^®«<75>'<v K^y' 77”i •? b:»c# < 

^-g-y<4' if — 7 h 7 5^ v^5<. (HBT) Cili-r-So 
10 [00 0 2] 

[t^JScoS^^tT] 31$ 7(?ffi«(75/<>'K¥-y 75^5r-<-5«; 

^ ^ -y <DtkX^m^ 

;^<>I(crB]Ji$-lir, h y 

^7 n if— 7 h 7 > -5^^ ^ ^ (tiTHBT) <75M;fe(il94 
15 8<^lwShockley(Cj: 

bTa@^**-tV'fc. HBT(£io(t^ftiS«ljft?1J^#0max 

(4. 31$ 7(?^-y y.TjgSNe. -<-5?.^-^ y TSSPb, 
®^S.t/IE7L(75iFiS))^®^-tii--5^Hvnb^ vpe, 31 $>;/^ 
t-<— 7^^(^^OK^-y7 5^COS^AEgti-.5i: 0ma 
20 x=Ne/Pb • vnb/vpe • exp (AEg/kT) 

■So k(ii?7k'y-7 5':^^T'fci9. T(i?aaT*fo 

S), AEg=0(75B#(75fg^ 1 t bT, AEgiia^^^-fk^ 
yi:fc^-^(75 $ max<75fil<75^-(k^l21 1 (r^-To 
[0 0 0 3] b<75l21i^b?^^i^^<C<t 5 |3inax(4AEg 
25 (’>PtbJiif^ifc6^(::ft#-rS<75-C% T t br300K(27'C) 
AEg=0.3eV(7):^Sr%X^ir 0maxl4AEg= 
0(75^-g-(Clt-<T)i!^)110000f»yc# < JiSio -OAEgCl 4 
S 0max<7)aS:#^;S^-t<79^ 4'^-^T®^fl|#<755fe#(^ 
fflk'S $. t t)'C# •Sib 0 max<75'fiE5r AEg=0(75/y^ 
30 if-7 tl^^*(75fitl3«];ts>/ibl4,3i$ 

7i??Sl®<75yr-y yrffi*Ne^+^/J'$< b. 4fc-<-5?. 

(75di^-y y riS^Pb^+^'-y^:# < -t-s b t isr-# s r t (- 

icSo Ne^/j'$ <-rsi3i$ -y ■$'-'<— 

, Pbi-f£t)h^— ^ K— -’47 h(75S 

35 S^il5*'5 t-4-^<75Sfcti5Ti55. r4x?3 “o(75gb» 
Cliy h7 7v75^;y(75ig/ljSl&i’^i5pTtg(wieS)o o^l? 
ftyc^SJl&^fniaxi‘;k:#V' h7 7i75^cyif^^yr# 

S)o ®yc^MJljSm<75ii5V'b7 7v>5^(y(4. 

(75^tbfls:iimy>lf bliSk yxh^tzL 
40 -&(75^Slffiy:(C#k\ iiiiitbi'^eltgiCHBTIwjFti-S) 

SS(4ii5S5-;^T'fc5o 

[0 0 0 4] (SiGeSrffiW'fcHBT) HBT(4^^^l5Ga 

AlGaAs^^{$:(75S^-^i7-lir/i iflr 4 (? ^ 

il-rv'fco Hx\ZMViS:^, Ge<75/47 K=¥-y 7 57* (0.66e 
45 V)i5Si(75^<7 K¥-y 7 7'(1.12eV) 4*? {,/J'$k'fc»bSiGe 

mirntoyO K=^-y 7 57’i?Si(75’t)(754 <0 < T^-S b t 

Slr*«>-Ck'-5o 
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wthte<D425:g^-ffitfe$^^/c:A.R. Powell C, <751^5:^^ I 
fflUfCo Ttfjo. i 5 

K¥-y '>yw{jti tsit<Dm-^\z^hm^^ 
S:ftTV'-5^cD^<>' K¥^ 'yy<DU2(7Sm:)f^^i-o 
t'-hh (D^'g-r- 1 #»<73Si (r tfc-<n(iV-< V -r -;/ 7";4S 

/J'$<:^CoTV'-5<7)l4Bje575^'efc5o 7t£db\ Sit<7?^S-g- 
to: i ->7” 

TbS^-fk jt-^/J' $ < 7i O T V 'S <D;i55>;5. 
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[00 0 6] rcD, SiiSiGei:<75®;^'g-i5-tirlr Ji^iHBT 
<75S!j'(’^CRl"Cti^ tz. t i(4‘, Daiiiiler-BenzttlwJ; t) $ll'('^ 
1995<^®(73IEDMtc;45V'T^^$nfcfmax=160GHz 
(73HBT^^ff^r t;55T'#?) (1995^IEDM Technical Di 
gest743M#fl?,) , r<75SiGe^lB®B^fflV'/cHBT(4. M^<D 

TV'SSi7°n-fe7.i(OS'g-i4^, AsSr:A:gt-l4^>S U7i 
V ' i V ' 5 il^--<73ieit^=e i'W,*,T'GaAs Srffl V 'fcHBUr ^ 

L-Tfl-f ij r*fo s fc $ ixr V ' •£ a^ifr- fo s o 

[0 0 0 7] SitGero^t^, 

ff<75:®-g-<75^S^^i!c(45. 43Ai5. 65A-efcl9. 
■g'l44%l^±{rt,2i^, ^(Dfzit. SitGeOT^-Ps^CO^ST-^ 
ifc ^l^OSi Ge?Sa% 5r <7)Si± ir ^ b^bJSKS $ -tir 5. 

7*4 <0 . h^—-^<Dm^m^mm)si±izsiGem^rn^si± 

Pn^js;45^ c Sc ^ST-^^-g-fT^fij-g- 1 m.^mm(omm^m 

SiCij^'t'o i4U4Thoinas P. Pearsall^ Strained-Layer 
Superlattices: Physics (Academic Press , Inc. 

fj) 3:SJ; •?^|ffiL.7co 

[00 0 8] i<7?tS^^^-g-OPp^S(4SiGe^B®B^-<— 7. 
si^3i5 

fij-r S 7ci<) tr (4SiGeiSB%<7)KJi:^iS#^i^TI:i®JPS-f- 
-:)7. SiGe#^{^l;i*5V'-C, Ge(73ffl^ 

SiGe®^tSi^^i:<7)^xci^ffiLldol4S^S- 
^^S-g-(:ijeHi-Sfi^f4iii);tS ^ t z<d 

t i>izy<'^ h'^X S/7'(7?M;ii5SiGe®B^st 
Sii(OPa^-C-/jN$ < /4Sfc*. K=^r 

(Diio \ZyO K^-^' '>7'(7)M^®JPfi-rS:^?£l4»S b< 
7*4 V'o 

[000 9] SiGe<Dm^y<'^ K=¥-^ •> T’liiJ.-fSi 

i <0 . GeCOffl^StfcSrilf SJwliewO -y 

yThm'p-r^tzi^. ^5 

h'^^y P’\zit'<Xiz^ < SiS C t (3 4 
Si4BBfS]±^@6^i LfcHBKO^. ^ <Dm.^it<r>m^ 

CTx(4SiGe®B% t Si t (Dm 



l§E{-Si$rffiffl-rS r i 1 7tc^„ 

[0 0 10] (SiGeCIrfflV'fcHBT) tfZs ■?rD—::^xm 
C 4^D^MXi}^C^^0:tXSiGeCE.^i'Mi&irfllM L7t 
ag$nXV'Sc r^^(4. C;i5S 
05 i-^Ge4 0 h'h^ t Izp ipc^SiGeZg 

B^tciO^S < -rs r 1 7b5X^ , Si t-- 

X nSl-g-r S^-(OtS^:7pS-g-^^3PD-r S C i /i5r-t Sfc 
iDXh^o 

[0011] H^»CSiGeC^lB®BSr^)JfflLfcHBTlCOt'T(4 
10 L. D. Lanezerotti — T.^illccTlii^lCSiGeCjS^Sr'ffiffl 

L. •yPmi^t=^l'^'PmmzSi^1^mLfzhD^ 
1994¥<7)IEDMt’43t'r$6^LTV'S (1994¥ IE 
DM Technical Digest 930S#fi?.)o- ^ <750!l<73^j®®;&Hi 

^1214 ic^-f^c, ' 

15 [0012] LA^LZD$imm<D-X'^ tZ^ 

IZSi b-<-7.^«(7?^ksiGeC®a®B 

7*4 ^ti^l^ 7*4 ^ 7i V ' t V ' 9 »JPS t . $ -fr 

i>fz/Dlzy<y< K=¥x s/7'^:t 5 K=¥ 

20 X -> 7" J; 0 7j'$ < -fri3it4'7‘4 PjT^iV ' i V ' ^ Zlowfflpss^ 

?/:/^<DllS?^tMi6H^si^U<®JPS$i4Sc S7c. 

7 i57 ^^;!)5^-5EiSc75i|i^^(r J; I? $ ns 7ci()« ^ 
PB^fi^7*£/<7 K¥x 7 7*^It;^-^^S^ tibsttijfe-r. -<- 
25 7. :t>-m£iDt^—i^t^±-^^ y P /V-lHl SSn Id It S 

EEco(SMtc:7fr^7*i, yPM^izi=6\,'X^^56^lz.'<>' 

F^xy ^yp 

^j^trUmt-S w t 7J5 x$ 7^4V ', 

[0013] 

30 5 t-rsii:]®] t«5fe<OSii;Ge*Dj:U'^ 

ixh 2 m.Dm^B LfcHBT<0«-g-> ^^yp W$.(D 
Y^X 77*^^-7.^1Sg<7?/<7' K4r> 7T"J: *3 

coM;i5^b, •?-<73^S^^ife<7>||(;ij;i9^;7^^5^^L. S: 
35 iff S^fBKJ?nPfi#7b5i 

bSc Y^x yz^tm^’&m'^m^Bizmioh 

i^^iSrg*nig«?-rsr <t:65T'^ 
7*4V'o L7c;4SoT. fef^f^fi-g-OSiJ-g-SrJIi]^S7c«6n(4 
40 ^ » S K 4r= -y 7 7'(70M^bJ^ $ < pg^ $ n Sc 

[00 14] ^7c. -<— ^®^£0^(3SiGeCSa® 

yyt:^ 5 7:J'^®<75/'<>' K=¥^ 77*4 
•3 7>$< b/4^tnl^7►^pJ7i^^i:t^5§^J|5It, 

45 ^^Se^BXPfe^^;45^b7*4V'S*l;:«)^S7c*n-<-;7t^ 

t Kfl( b 7*4 (tniiT^ e> /4 v 'SfjpiTb^ 
p>, SiGeCjgB^sOia^tfct bTjgS^^tg7i®ia;iSpg*$ 

n, mm. yPmmt<Dy<yY^Xy 

7’OS;»bh$<®|PI$nSc -^tz. :x.i ypmi$.i^i^i-y 
50 Y^X 7 'S b t 
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[0 0 15] hbH'JoV'T 

K=¥^ vzf **?rlS]±$-tir-5 

r t {-{c i i9/< V K=¥> < -f-'S r t 

-Sfc. t^5fe(75«^-eti:f^^T'S>ofc1§^S'g- 

fcHBT^^-t--5 :: ir $r i 6^ir i-^So 

[0016] 

(CioV'Tli. #JC3^5 5/3'ffl^trSitGei:CXi^e3?iSH 

[0017] 

[^0JCO|^JS(73?^®] 

(SiGeC^lB®B<7)^iif) Si, Ge, C(i^4t'pm4iSl’JR-r -5 
^<73!|^[4I4, 43A 

(Si), 5. 65A(Ge), 3. 57A (C: K) T’fo I9 , 

K=¥-lr y 7*2)51. I2ev (Si), 0.66eV(Ge), 5.47eV(C:^^ 

-rr^:/K)r'fc5. os*?, ctisi, GeOjs^#.): 19 
^^«fc/)5/J'$ < , pf#J; <0 ii'O 77"i65;*c#V't 

[0 0 18] 1j§oT, Si t Ge<7>;i7£i’g^SiGe(7?^^, 
jlfetfctr i ?j-ffeT-^^li!i(>-fSitlTT-fc'9 , 

■ir S/7*liSiKl±-efoofct><7)^5, C$:ADi-CSiGeC(DH^ 
flfeti-ntf, >'<>' K=¥-^i/7*tft^^«Sc^Si)il±«r-r 
S r i: -b-enJeiTJ^-rs r t ’b^Hg(3 2i5„ 

[0019] Sfc, Sil-yGey C0^-&^a®BJt(7> S *.^2)5 
IT'feSfcA, 

?) r i: t 9 , '<y'Y^\y 7*l^-;t(c:^S (? S 

t 2ii3, ^j2!!-t''5 J: 5 ('IS 

[0 0 2 0] rtuc^ftb, SiGeC®B^B<79#^®^tfc(73i 

*«;6S2r'fc?)fca6, 

y^ftxxh^mm^h'm^-r^zii^ix't^o xo^tz 
<*, IS^^-& Sr t •? 2^2)5 

h’^ry 7"{wiav 7t *t)(cis^4^fi'^(;i ± ^ 

M^SrWJ-r?)^ tiSST'#, ffil^,^)¥<75P=^S^JtfD'b U 
< (4^< -f r t i) , 

Sr!£(-i|2iff $ fc{tJ*e r i: /55-C*# So ^ 7t, 
^ii^7i^xn^-g-(29^(cpie,-f, IS^iS-g-^iS:'^oo 
K^-V ->:^SrS4k^-ti:S r i:2iS^tgiC2iS 

ir2iS, 

[00 2 1] r <79lS^*Si:^<:-' K=¥-r ?/7"(7?ilJlcoi 
®SSr4^"t' — 0ilSr@5(C^'t'o ^il-(i, 1995^<29Journal 
of Crystal GrowthSvol. 157(0386~39lM(^H@$ JT, 
tzj. KolodzeylC i V) ff^ $n7SiSil-9. 22yGe8. 22yCy^lB% 
(75>'<>' K^-^S/7*(7>*ajett:yfe#]4T**Sc 2ifc, ff^ 
«3ii^/45#:&L2iV'®^|c:oi'TlTi:>ix'Ct'So X(om 



faliO^ y ^0. 108COl6ia(CSot'TSitlS^S-g-t-So t 
<79|21(;i(±2t4t^nS2i^HO(7>^55*^(75a:4',yU4^-2i^ 

2J5{ffifl;^-^<7>*it5Ji4''2i-^— Sri^.^.i: LTlSiiMxTt'S 
;45, r COHoOai^^yU^^— fi(5;(79 9 S>*(S<29t><Cl/05^<>' 
05 K=¥-r 7 7*C0fti:2iSo Eli t) ?^.£.2)^2ii 9 {Cy=0<7?B# 

(r/<:/ K=¥-l' y7'(iSi^i$:(D#^<79(itl. 12eVt2^iO, y= 
0. 10T'1.4eVggi:2iSc tJf-oT, SildST-^-g-f S ® 

,a^s(3ioV'-C, 1. 12eV^^^1.4eV^fEi-C'gi('^<V K=¥ 

■y yzf-kmiR-t^:Ltt^X^ ,...*:*:m 3eVgg*T'/< 
10 ^'K=¥i'i/7'lvMSr-^^Sr t^5T'#So Si 

lr|S^S-g-rS!!SB^<7>^!lSr® 9 ±(ffc/45, */K(r|&^ 
S'g-f-S^2!>^b*:*cGe{r|S^S-g-rs^il:\ m-eii- 
cDtsT-^»(-*3V'r fosi6ia>"cv<:^ k^-y yy<om=km 
iR-t-Srt^5.X'.#s.o '' 

15 [00 22] IS?-^'g-^{'ioft,S-f<r-^Sri-ri!i-<fc2)5, 

IS^^fi'g-^(-*3V'Tt,SiGeC®B®BSrfflt'Sfi),g.(4#4 

-rs, 0ij^(i, SitSiGe(25lS¥7FS'g-Sr2fr1-S--^n^ 

-g-(r*3V 'TSi SrSi i: CT'i *9 ^<7^ K¥-y 7 

7*(79:*:#V'Si;GeC®fBT'g^^;tixH’, y</Uiy'^mx<D 
20 ^"5^ K¥-Y yZf^^tzi-fSiGe t <D^<'^ K=¥-Y 7 7*<DMSr 
i‘9:9c#< tsr t;45^tg(C2iSo -2<v K=¥-y 527*^11 
ij^(r:^'ft;$-ti:Sli5tSrS^ffli-sm-g-(:;*3t'Tt, 1^— <7? 
S;(2-it:-Srl^S-t-S2ie5(iSiGe-7c®fBi i? K^ 

-Y -> :7’(7)^'(k(79|Sia < t S r ir 2>5BltgT'* So 

25 [ 0 0 2 3 ] ifc, SiGejilBBT'lijtl'-fSi i 19 t>IS^^^ 

2)5;*C#V'fcit>, Sit Si(i 

IS^^I^SrlSlrf ^IvSlg^ (^, SiGeia^(i^iT) ^jxSfg 
^ SrStrl So SiGeC/Mra(iSi i 19 ’blS'T"^^ 

Sr:*:# < < fC# StOT', Silc^UT t'hhX>\^ 

30 #(-'bJ^:::^S--^xbHSr t(r/ii9, 3l^<DjgA('iS 

^?-!|t(±M»Sr Sit U7tlS^7FS^^j(9^^j/jr ^ ^-g-lc: 

jot 'T ’bSiGelr 19 #SIS^S:*!c<75©Jffll g **/»5iS 
<, IS"F^i^2-/!l5i^U2iV':^-g-(79/<>K=¥-Y-7 7*<79g* 
*tia;^^t>-#sr t(ril9, -^xn^-g-B#(CSiGei 19 
35 t>A#*i^HSr#S w t /i'tiijfcSo 

[0 0 2 4] ;i<79SiGeC^gB®B<79, IS^SfC t K=¥ -Y 
77*Sr-^60i5HT'34^l:i^(t:#-#S r t<7)T*#Si#m 
Lfc:i t Sr#mt-rS4:^?^<79HBTI'ot 'TtftBJ 

i” So 

40 [0 0 2 5] (^JS^ll^rcOl : 3^5 ->cJ'®«{rSiGeC^ 

IS^S-#-Sr®to*cC^!l) i-f, 

2(r|S^<7)HBT<79— 'TIftPJi-So - cO— HSg 
^!l(0«ig»TffiiS^EISrEl6{c^L, H71:ir<23||Jg0iJ(29 
HBT<79ii-('^^(793i4*'>'l'=^r— ^mST^^-To 
45 [0 0 2 6] i-r, pSSiStSe l±lril5ffiSn®®«S 

i6 2S-^S^-#, ^(0±\Z=iUi^-i’m^t^i^nmSi 
®6 3^figs#-l±, ■i<D±\Z'<-y.mi$.tti:^pmsim 

6 4Sr^S^iir, 5 rx S'ffl^T'foS ngSiGe 

CSfse 5SrJ5gS#4irSo CJxb, =U7S'®W, -<- 
50 7r5'®^<T9«-S-g‘5^ffi(i^{i2i5^;iL*t' 

4 - 
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(D:x - ^ '>-\'7^^ft^iUHV-CVD)£■C'^f Pit 

^roy— Siffll^(;5^5{:i(±'>7y’bL 

< y'^Tx SiGeffi^C0^SlC[i'>7 y-b L< \ti^ 

'>7 >'S,t>'y'-'^^y'$^^ y t> 

L < 14 y 7 y -y 7 vs y t b < 

(4 y y#<T3^^'ir/U7 y*j 4 4 <3 ^ 

^yy^ffiffli--5r t;!i5T'#So K— 

(K-/^yh) tLT»4x nm^pmt 

UTAsx PT^t'^x 
tTi^X'^^o ^443x 

t4aTO#^iSfi?!ll:i*iii7iS(OXx ftT'l¥i!if 
[0 0 2 7] X(75SiGeC®^B(7?afiS;Jti: LTt4-<-7.^ 
*sgOTSii1^T-«iSc;!i5|^-T'-47Cx Si4 ‘?x<^^Kdp>-v7’ 
<fi^Xb trSiO. 078Ge0. 822C0. 

Lxv'5, 

7y't4^1. 4eVi yffi^rosi(73/<y K^X 

7y'4 >9i^0.3eV;^# < 47:ix 
<DX~m.^l,z 4 -5-'<y K^x 7 7'^'(li(4#* tie o 

Tx i'S^SOOK (^^27'C) 0^|fe#XI4^^y K=¥x 7y'(7?M 
tC 4 S 0 niaxC0afelf^^l4 A Eg=OtO^^(Clfc-iX^ii1)l 1000 
omxh^o 

[0 0 2 8] X (T^HBKTJ^-^x S®x 
$-t4XV'?)/tJbx 

-fx tSoXl#^^S-g-JreSi--5^^J-4-5^ST-y!:Pl&t4 
ftL/4V'fc*x 

X(734 9J-x SiGeC®^^3i5 
ftffl-f4U4x SiGeil^»r4-5HBTXI4^RrjgX*fco7c^& 

[00 2 9] (Hlfe^!l 2 : Vfz 

m) iSfc»r|2l8t;i4:^BJIt^^3l::f2«<7)HBT<D— 

4fcx 1219 icr C0HBT<OSb[^Bt<7) 
3i^xyUJi^— Xc7)HBT<DJi^^l4x pMSiS«8 
1 ±lwftig^nSffl«Si8 2 ^^e$i4x ^<D±\Z=^\^ 

3SrJ5Se$-frx ^-CD±(C-<— 
LTpMSiGei®;a0S8 4 ^3^f^^'yx>'l'^S:i: 
$-yTx ^<75-hiri5 7<?ffiJST'S5 5n^SiGeC)g^8 5 

[0030] r,<7)|IJ£gijX(4x ^ 5 7^ffi^<OSiGeCig 

B®Bl4^<y K=¥x 7y';45Si<o-'<y K^x 77*4 (5 :^# < ^4 

5)4 9irM^it;453g5^$ixXV''5» ^izhiftzj. Kolod 
zeytr 4 -5ff^f:2iS;tl4x SiO. 078Ge0. 822C0. KOUf^it 
^SS?-r4U4r (0^^<0ft^:t^(4SitCf5 iS-Sc Lx 
y K¥x77'^ii^n.4eVti--5r i:7)SX'#x SiCD^Oh' 

^X7 7'1. 12eV4 •? 1.*1J0. 3eV:*:&<-r5)r t;J5x*# 

5)0 ^7c, -i— 7^tScOSiGe<7)ffi^$;tt;i LTSiO. 8Ge0.2 
ji5iMK$irTV'5). r<0|§^x -<— i: = V 7 c?ib' 
41/^57^ t(om T-^S^S-^ A5 SlixX V ' /4 V ' fc *!) 



-<-7®i§!c(0/-<y K«it;4S^'(kLT/<y 

K=¥X 7 7’;)5^^<O/iV'#^(Cit-<^-J0. leV/J>$ <fi<0 
^<y K=¥X7T"l4^1.0eVt/4 5)o t^oX^— 7, 5 

7^F^<7?/<yK=¥x 7 7"S(40.4eVt 7*4 5)0 ^443x 
05 S-g■^5^4^rV'7*4^,^:fc^6lrffi^®J?;4S#^ELx ^<7?ft(4. 
^!^ioooAi7*i5)<7?'C’x 7(7>ji:^^900A»cjfn;txv' 

5) o 

[00 3 1 ] 7*443x rco3IJ£C?iJ<7)4 7.ffl^lCSi 

Ge®f0$rffli'5) tx Geco^x ll.T<7)^tbad5Si{;ilt-<:^ 
10 ^V'fcSbx y(cSo(45)=^X y < 

^4 tlx P7yyy;5*<o;i5ii'fi;$r^^x#5)o 

[0 0 3 2] rw4 5{wx 3^5 7^^®lwSi4 t) 

7*4^<y K^X 7 7“^ boSiGeC^^5rffiffli-^ i: x Si$r 
^57 L7cHBTl3tb-<x'' 4 t) t 

15 0/<y K=¥xy7"g«r-^4:5)JL i^sr"#;5)7c*x ^<VK 

=¥x 7 7’^t:i 4 5)t4^efe*^*Sr 4 •? # < #5. X t ;)5x 
#5), - - 

[00 3 3] (Ute^iJ 3:^5 K¥x 7 

7’<O^Mb?r-^.4fcfiBJ) ^)c{wl2)10{rj|s:^BJif^rl4 tClE® 
20 <73HBTi75-||]t0iJ(75«5g»fffitI^I21^S^-t-o ^fcx tb[^ 
B#C0j:.^xyl^di£— ^|gl^|gllHC^i-o XCT^HiSfiBlCO^-g-. 

P SSiS« 1 0 1 1 0 2 $ 

■tiTx 5rX>J:l;;3y7yffllg!ct7i5)n^SiMl 0 3^^S 
$44x 5r<75±L:-<-7®^t7*j;^piySi® 1 0 4 $Tx ^ 
25 <75^— 7yffl^tTi5)nMSiGeC®^® 1 0 
5 Sr^$iS$-fr5)o - (031 S -;/<57®^CDSiGeCfSa®B;4^— 
T-ffliSosi ir^&^S-g-f-5) 4 p JrrlfBltTJSSS^ $ 4tTfc 
tlx 4/t^— 7i<0^-^a55>ir43V'X^^rS;;J5^flJ<7)Sit 
l^-trx 5:4i75^b3(-5 7i?ffi^<OF'^{RiJt;itT< f- Lfc;<i5o 
30 T*&^S-^^tS^ooC<om^*J*;SryiC#< Lx ^-<y K=¥ 

^ 7 7”;i)S^FBW»CJi^t3;^# < 7*45) 4 p 4 p 

t::LXV'5)o KolodzeybcOf+^(c4m4Sil- 

9. 22yGe8.22yCy7*4 5)SH%i4^fflV\ ^ t 
X-y=0x 7^®l$(Ol^filJlwtf < I-L7*C;65 

35 V'ycofg^O. l4r'a^{r^''fk$-ltni4x<o4 p/4«itSr 
nmr*# 5)0 ^<y K=^rX 7 7’cO^.^'-ft::Bt4^tJ0. 3eVXfc 

^)o 

[0 0 3 4] r<04 p(:1'«M^3i 5 x;/c57lfiS^«ffli-5) 

t. 315; ->^?;5^bttA$n5)®^<03ii^/pdE:-y<y T;<i5 

40 Si^— 7.t/4tl-<— 7y-y®EE»4(4t?Si»c:4 tl^^$4t 
5)o i^oX^— 7:^y|iJE(OtS— t4Sri^i*5)r .b;iSX' 

#x ^fcx 7-:^^/H3Ktc:^fflL7c^'g-l;i4«i!imffi^ 
{S<?j)45)wi745X't5)o 

[0 0 3 5] X(04 P7*4«^^3i5 x;/^i#ig(4t2§5K(7>Si 
45 Geiga^^fflV'fdHBTCOii^x yy<D^it\Z^ 

V ^igX' 

fcoTto LA'Lx ;*:^BJtc4iXl4x ±IE<0 4 p 
■a-^T*;5-o«#43^5 7^«iit/i5^m^BBIC7*4So ^fcx 
r r r*t4feT-S-^^co0iJ$r t tl felf7t;45x 
50 t;i:}oV 'X bSiGejgfs V '7cHBTX{4*m^^ag7c: o 4c 
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t'<75 S SrK* -5 - t ^5-t:'# -So 
[00 3 61 (mMm4 

<D^^t^4-:ttzM) &:t^mi2iz^wMn^m5izmm(D 

HBTO-HJS0iJ<7?^it®Tffi*^ll^^1-, r<OHBTOSb^^ 

pSJSiSS 12 1 ±tc:H!SSnMSiS 12 2 
•tir, -tWJbtrn 1 2 3 $r^:S 

^(75±tC-<— ;^ffligi:7i-5pSJSiGeCzaa®B^ 1 2 4 
-^(D±lZ^i. •y^mi^t^j:^nmSiCeCj^ 
b^bM 12 5 r (75-<— ;^ffi«<7)SiGeC;S 

ife-r-5i -Sfc. -i— 

(w*dV'TI±. ^5 

<Ol^'^a5:9-t”I^A^9t-L-fc;4H\ y<>' K=¥> 

5, zcr>mmm<^m'^n^i 'y^m^<oM^B<7?mf&ttt 
LTSiO. 078GeO. 822C0. liSrigJ^b, 
i: UT. Sil-9. 22yGe8. 22yCyt b. ^ ^ -y .k 

■&$|55>-ey=0. 08Sr<!:i9, ?ils£ t (Dm^U^Ty= 

OSrSiSJ; ^ tc^We^{ciSi^tCySr^'(t^-fr5)o b<oJ:p 

Itl^l. 4eVt f£ u . K^-r yynn^l. 3 

eV^O^e^l. 12eV^-eiiIS^fC^'ft:-r-5o 
[0 0 3 7] Z.(Di: 

^Mk-r -5 j: 9 /.elfitir. t b < 14 K U 

Z(DXbizy<'^V^^yZ^iz 

9«. ^ (O Ifilt j* * S: rSl ± $ -fr S w ir X»5 tu Jfe -5 „ 

[0 0 3 8] r 

i$:-eiimi--5«-t4. 9t<DimAm^ 5 1 1^ 

C<:f§^^^-^congSI4^'5Iig-C'fcofc, b;4^b, SiGe 
Cila^B -t-4i.l44S^fi-§-^ 

GeC®a%SrfflV'TI/''5fci?){;:. ^5 ->^Fb1T'4& 

!?oo3i$ y^mcq^<Z' y:X^:k^ < 

-f t TJ'RlfgT'fe-So ’iis, 4&^4^S-g-^t-4oV'TSi 
GeC4^^($:$r^— 9^.4341/3^5 y^mm^mm^Xh. 
^(omm^iy^mmxm-^fcx^tz. y<z'F^xyy’ 
co^^#^{kii :*: /4 1' (D^ff i*SSr;^Jt).5bt^5'6ltgt 
/iO. fie?l5c;>SiGe^HBTt;iifc-iSf;rSr^^T*#?)o 
[00 3 9] (*iSfiSj5 : 315 i/^5'««434t/-<-;^« 

mxy<> 

^ 6 \z^Mix>mi(DM^W^-z>^^xVLmX^c - <r>mvD 

^-r„ 1Sitl4 p^SiSSl 4 1 ±»Cii5jggnSSiffl^ 1 
4 2Sr/gg$-fr, ^-C0±tC3 

14 3 -E-<0±{;i-<— 9^^iSir /^Sp^SiGeC 

jg^l 4 4 Sr/£:S$-^-5. ;:^±l;i3i5 



t ^4.5nSSiGeCigB%S 14 5 $-ti:HBT^^fiK-r 

-5, =&ffl«WJi^s!tl45feai<O^Sfe0il 1 l^«UHV-CVD&Srffl 
V'T479, llJiKlti: bTl4-<-9!.^J^. 315 
j 1 bTSil-9. 22yGe8. 22yCy(DmjiZit^'M^ b, -<— 9^M 
05 1S(:;43V'TI43 w^'^ffl^tro^-^a5^3-T"y=o<7)ffl$rt 

IJ, m 5 .y^^i$t(7?^.g-*15:9-ir43V'Ty=0. 05^7^.54 
-C'3SFBl6tU-iSM«-y<79[i5rii::^$-<t'CV'^„ 315 

•9 ^ffiiSl-43'' 'T (4, <75^-^g|5^J-»343V 'T 

y=0.05Sri "9 . ^:b;!(^b3i5 -:^ ^^iJ|crt§l5tw(S];4^9l-b 
10 7t;65V'y(D[il^il^6^{Cy=0. l4-eiiAD$-&TV'^), J. 
Kolodzey<Of+^{C 4 4U4> b(D4 9 

F^-y yy"A^^—^mi^. ^iy 
mi^x-mmmi^i: b> 5fefciii-5fc^i4M^ 5 -y 

4fc3i5 

15 y F^xyzft'^f^—^y^W^^o-'O F^Yy 

9^(rtfc-<r^(3:9c^ < 74 5o- tc7?4 9 5 

<D 4 9 Cl. . ffl#4M3i 5 ■;/ <37 4#ag t $r* 

20 4ali4.5[titH43V'TSiGeCiia®B^fflV'^iflJ,*.(4^4x^ 

ip-^. SiGe^HBTT' 
l49p‘5lHfe7it&^S.g- ^tnfz'^'-y K<79-W#41#3t slfgJi 
b. 4S^9Fg-g-^(7?^T''bSiGe?ga®BH< h'<'<'y FM 
^«it<Dffii4*7i if <75 g b t 7)5T'# 2)c 

25 [0040] ^J.±<Dm^m\Z.. i--<r npnMHBT^M t b 

-dlipiltYc^ib «!^pnpMHBTHioV>T'b9^^l^<75lt7t 
$rS^ffl.-rSbi:»l4*9. :i t 

[00 4 1 ] 4/c. 315 '!/<? C s/7"Scc>1Sjtli43V'-C:^ 

30 ?^m<D^^t:Vimxtzf)K ^ h yymxt:^^m 
<75??bm^^#sr ir^s-C'tSo 
[0 0 4 2] (SiGeC^l^B4^fife:^jt) ^ 

■ .5SiGeC®a%»4-1';4>'aA&^MBE?£. tb<l4UHV-CVD 
fell 4 19 b i: ^sr-# .5c 

35 [0 0 4 3] ^:4->'feAfe5rilS?-r5#^. Si^gasUGe 

'{:t'^tC4 i4>^feA1-5 r i: II 4 *9 SiGeC^a^^Srl^/fe 
X^ZtA'^X^. ;$:^BJcOHBT^]'^J5g-t-5b 

4fc. SifefsllMbrfeA^47 9<75r*l47‘i<. SiGe 
*MB£.^UHV-CVD i: V 'o fcSU<75:^feTM'^^ 
40 bX45#. ^■4tliJ4bC^^:^^feA-r5:^feX'’bSiGeC 

^la^B^i'^/sx-t. i>o btTj-r^vfeA 

fe<o4iJ,^ir bXI4. iDii^ff5r^4t;$-fr5i:i:ll4‘9fe 
ASi$<D®Jig)i454T;t5,#.Xfo5, y 

4 9 7tH^0iJ<75m'&, r <754 9 
45 li^^li^^e^Tiffi/gltcO^iJPdSX-# 5;^fel4a5-&d5 4 
l 'c b bT^f fj.4^ T4'3/feAfe<75^.^ . feAll4*9lSA 
$H5*gfBAPfecoP«^ei49F^®Xfo5. ZCOf^^iK^ff) 
|^felll4-SS:ll?lftiaS^S-r574b SiGeC4^i*[$<7)^ 
ffiig.^aiS5r4T9 i: |3-SiC;45«Taib. SStt^{g;T$-&X 
50 b4 9c 42§oX, fi»77iB”D«(799fi^BJHBT<79f^/£lll4MBE 
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i£^UHV-CVD)feO:^;iSig LTV 'S, 

[0 044] — MBEffiioimJHV-CVDfeW^-g-. m.=h 

. is:5ft3S4~6«;i 

Si. Ge. C^ 

4^'ei^(73y-;^(Ott^^l:^®J^^|li--5r t Cii 

?)o I5i|;tti. MBEfcJ:?>'UHV-CVDtetc:J: i9SiGeC®B%«0^fi 

^tt<D^m^it<Dmmt:n b '0ij;t tf«!c 

^eco^*roi^{c^^L 

fcV'ia^tfcicji^jEj: LT y— y.<75#fe?^S±3±t>*^<Dit-SrSiJ 
PL. ^eOfigft(73^'5#;tor^Ti4y-y(OWJ&^ff 
Ih-r 5;^&Srfflv 'tviii«iff*(0|l^KtbSiJP;i5 Bjfg t /j; 
?)o Z(OXb TiMBE&fc' J: miHV-cvDife V 
(73^. 

o 

[0 0 4 5] 7iib\ MBE^fiSffi(73#'g'SiGeC®^^^S$ 
-tt-5^-g-|:i*5V'T2%ggSTLAT(73mfigJt$rSi6-5i 
i:;45|IMTfc-5r ir^5^b4^TV'•5<7?T^ 

J: iSi6'5 :i t z55-e# ^UHV-CVDffi(7)^feA5;$:^|^(7)HBT<D 

i'^sit-iSLTV'-So mma<Dm.^-t)^^ luhv-cvd&cd;^ 
7!l5®4^TV''•5o 

[0 046] UHv-cvD&<7);<fy y— y t LTdiy^y', 

if «:{«« LTSiGeC^B^B^^S i 

<?. ;*:^BJc0HBTSri'^Si-t--5r t;65T-#-5o ^ae 

LTdiSrai-i-^ t B -SiWV 
tb-r 5 Pp^S 5 <7? TSOOtt ;5^ ?5 600S®*T^ryi 

[0 0 4 7] (ei^S^^rofcJTxTj K— b) Si, Si 
Ge. SiGeCt ’bd40l7cf(tTl#^$4x-54^i®ft:T*fe2i<7? 
T. #P«T'(73nM7F^tfeit LTAs. P^j: Hcosm^m^ 

LTB7iifc03f^7C^ 

[0 0 48] a±<7)i 9dHBTdi3V'TJ^$ 

iGeC®BB^^ft:^^ffl-f'4xd. '<— t a ^ 

®d*Jlt5.fe^7F^'g-(75Pa^M^*i?Dt L< immLo 

o. K¥^5/y'(73M^-^;t^c'9ffii4y<y 

KlSit^rUm-rsr tTS^Tt. S7c. K=¥t - y 7'"?’ 

w t ic/i 46. 

y<y K^t 'yy’<7>^^t;d i l? 

[4tgc75HBT^|im-r-5 r i: ;65T# -5, 
[HSOfgs^/ilftBJ] 

[mi] 

A Eglr J; ■& ftilSgcftfiJt# 0 inax<7>afe#^:S:^^i'lll 
[m2] SiGe^B®B<7?y<y 

■rm 

[m3] fe^TS'g-i:si^^ff<7?Mff.^^-r-m 

[04] ^<— y.^^(7);^dSiGeC$:^ffi LfcHBTJDltit® 



,-^m 

[ms] SiGeCZga^lwfctt-SSid^&^S'g-i-^^fil^TcT? 
y<y k=¥t yy'<75jij®itfe#t4^:^-t‘m 
[ms] ^ ^ y ffl®dSiGeC®^ Sr[i ffl L. ^ 

05 i^<73Sit*&^S-^5ri:o7t:$:^PJ(75HBTcDl«5tm--g:m 
[0 7] m6<D h7>'i>:^i?'Cr)mi'P^X):r.^-/l'^-mm 
[08] ^-y^^dSiGe$r{^fflL. 

GeC?lfB$r[£ffi L7c7^^?e(7)HBT<7>^itm;g'-m 
[0 9] 08CO h7yv^;^^(5tbi'^Bt(7?^4’-./U:Sr— ^0 
10 [m 1 0 ] SiGeC®a%d<t ?>M#43 i ? ■;/ L 

fc;$:^BJ<73-|IJSMC0lSitfit;g-,m 
[m 1 1 ] m 1 0<73 b 7 yi^y ^<Pttli'^B#C03L4.yUd(f— 

«m ;^' 

[012] SiGeCS^{;ii^>##4-<.^^1iit^^fflLfc 
15 :^^m<DrnT(D—mis&wi<z>m'iin^m 

[01 3] 01 2C0|'7 y <73fbi^B#COin4'.yU^'— 

^m 

[014] SiGeC^^d 4; 5 7 J; 

20 m 

[015] 01 4<75 <73l!li'pBt(7?3:.4'.yUdiS— 

^0 

2 1 ^4A;*5;j^ftL/iV':^(73/<y K=¥-iry7" 

25 2 2 S i i:(73lg-^di5^;6-7J5#i£i-^:^-g-(75y<y K 

=¥T-yy* 

6 1 P §y s i S® 

6 2 iiiSfgnMS i 
6 3 nS^S i A'?3^'53yy:? 

30 6 4 pS^S i 

6 5 n^S i Ge 

6 6 =>yyy®® 

6 7 
6 8 

35 8 1 pSS i StS 

8 2 i 

8 3 nSis i A^e3^j:-5=3 
8 4 pSS i G e A»e>7iS^— 

8 5 nSS i Ge y 

40 8 6 

8 7 -<— 

8 8 

101 pMS i S« 

1 0 2 mmXnMS i 
45 1 0 3 n^S i yy 

104 pSJS i G e 

105 nS^S i G e yy®i^ 

10 6 =3 yy y^i® 

1 0 7 

50 1 0 8 3^$yy®tS 
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— -y h-7>vX'$ 



12 1 


p ^ s i a^s 


12 2 


KjSan^S i 


12 3 


nSS i 


12 4 


p SS i G e 


12 5 


nSS i G e 


12 6 




12 7 




12 8 


^ S. 



14 1 p S S i 

142 i 

143 nMS i 

144 pSS i G e;)^b^.C'5^— 

05 1 4 5 nMS i G e C;<i^e3/i^3i5 

14 6 =3 

14 7 ^^l|c 

148 



[Dl ] 




iEg (eV) 



( 1212 ] 



strain (.%) bulk SiGe alloy 




C Si Ge 
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